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Circular Economy Disclosure and ESG Performance:
Measuring Impact Beyond Greenwashing

CHIARA LEGGERINI* MARTINA PERCUOCO? IRENE RICCIARDI® ANNA PRISCO*

Abstract

The increasing focus on environmental sustainability has led firms to adopt circular economy (CE) practices, yet
concerns persist about their genuine impact versus greenwashing strategies. This study examines whether CE disclosure
enhances ESG performance or serves as a mere reputational tool. Applying institutional theory, the research investigates
the effects of energy efficiency, resource reduction, water efficiency, and emissions reduction disclosures on ESG scores.
Additionally, the moderating role of external audits is analyzed to determine their influence on policy credibility and
greenwashing mitigation. A quantitative empirical approach is employed, analyzing data from 921 European firms (2015-
2024) sourced from Thomson Reuters, and Orbis. Multiple regression models assess the impact of CE disclosure,
incorporating audit interactions. Results indicate that while CE disclosure generally improves ESG scores, energy
efficiency and resource reduction disclosures have the strongest effects. Water efficiency and emissions reduction show
weaker impacts. External audits, when considered alone, exhibit a negative relation with ESG scores, likely due to
compliance constraints. However, their interaction with specific CE disclosures enhances ESG performance, reinforcing
the credibility of sustainability commitments. The findings contribute to the greenwashing debate, highlighting the role
of external audits in strengthening the effectiveness of CE disclosure. Implications for corporate governance, investment
decisions, and regulatory frameworks emphasize the need for transparent and verifiable sustainability reporting.

Key words: Circular economy; CE; ESG score; sustainability disclosure; external audit; greenwashing.

Framing of the research. In recent decades, the growing focus on environmental sustainability has prompted firms
to reconsider their production and consumption models (Schroeder et al. 2019). Within this context, the circular economy
(CE) has emerged as a key paradigm for reducing environmental impact by closing production loops through reuse,
recycling, and waste reduction (Geisendorf and Pietrulla 2018). CE operates on three core principles: preserving natural
capital, maximizing resource returns, and improving system efficiency (Ellen MacArthur Foundation 2015). It goes
beyond the concept of sustainability by transforming production and consumption processes into circular systems
designed to minimize emissions and reduce the depletion of natural resources (Geissdoerfer et al. 2017). The growing
interest in this practice has raised concerns about the risk of greenwashing. Recent scandals (Chevron, ExxonMobil,
Shell, etc..) have revealed that firms often misleadingly emphasise their environmental credentials without genuinely
adopting sustainable practices. This not only undermines consumer trust but also hampers progress toward a truly
sustainable ecological transition. Therefore, the question remains whether disclosure on circular economy adopted by
firms has a tangible impact on their ESG score or if it primarily serves as marketing strategies aimed at enhancing
corporate reputation without delivering substantial changes, i.e., greenwashing (De Freitas Netto et al. 2020). To analyze
the relationship, the lens of institutional theory was adopted (DiMaggio and Powell 1983). Institutional theory views
firms as actors operating within a social framework of norms, values, and imperatives that define acceptable behavior
(Oliver 1997; Carpenter and Feroz 2001). Institutional pressure, in fact, encourages firms to respond to environmental
issues (Dubey et al. 2015; Daddi et al. 2016). This theory has been widely employed as a theoretical framework to analyze
firm strategies in response to climate change challenges (Greenwood et al. 2011; Alonso-Almeida et al. 2021).

Purpose of the paper. Although greenwashing as an academic topic is not entirely unexplored, the current body of
research remains rather limited (Choudhury et al. 2024). This paper aims to address this research gap by examining
whether circular economy disclosure communicated by firms has a measurable impact on their ESG score. Additionally,
it explores the moderating role of external audits in enhancing the effectiveness of these practices.
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This study focuses specifically on five key hypotheses. The first four hypotheses investigate whether there is a direct
relation between circular economy disclosure (represented by energy efficiency disclosure, resource reduction disclosure,
water efficiency disclosure and emission reduction disclosure) and ESG score. It assumes that adopting circular practices
may positively contribute to improve ESG score but also considers the possibility that it might be employed as a
greenwashing tool, yielding no concrete effects (Choudhury et al., 2024). Based on this we assume the following
hypothesis:

H1: Energy efficiency disclosure has a positive effect on ESG score

H2: Resource reduction disclosure has a positive effect on firm ESG score

H3: Water efficiency disclosure has a positive effect on water consumption reduction performance
H4: Emission reduction disclosure has a positive effect on emission reduction performance

The relationship between circular economy disclosure communicated by firms and their ESG score is positively
moderated by external audits, as independent verification enhances policy credibility and effectiveness. Audits reduce
greenwashing risks by ensuring transparency and compliance, thereby strengthening stakeholder trust and reinforcing
the alignment of corporate actions with sustainability commitments (Wijen 2014). Thus, we propose the following
hypothesis.

H5: Extern audit committees as independent monitors moderate the relationship between circular economy disclosure
and ESG performance

Methodology. To address these research questions, we adopt an empirical quantitative approach based on the
analysis of panel data collected from a sample of listed European firms that have publicly disclosed their adoption
of circular economy policies (Greene, 2011; Wooldridge, 2019). One of the main methodological challenges in studying
corporate disclosures and environmental performance is the potential issue of endogeneity, which arises due to reverse
causality or omitted variable bias. To mitigate this concern, we lag all independent variables by one year, following best
practices in corporate governance and sustainability research (Liang et al., 2013; Ashwin et al., 2015). The lag structure
helps to establish a more plausible causal relationship between circular economy disclosure and environmental
performance by ensuring that changes in the independent variables precede the observed outcomes.

We employ a multiple regression model to analyze the impact of different types of circular economy disclosure on
firms’ environmental performance. Specifically, circular economy disclosure is operationalized through four key
dimensions:Energy efficiency disclosure, Resource reduction disclosure, Water efficiency disclosure, and Emissions
disclosure. Each of these variables captures distinct aspects of a firm’s circular economy strategy and its commitment to
sustainability.

Given the panel structure of the dataset, we considered both fixed effects (FE) and random effects (RE) models to
control for unobserved heterogeneity (Greene, 2011; Wooldridge, 2019). To determine the most appropriate estimator,
we conducted the Hausman test, which compares the consistency of fixed and random effects estimators (Greene, 2011;
Wooldridge, 2019). The test results favored the random effects model, indicating that individual firm effects are
uncorrelated with the independent variables and allowing for more efficient estimation (Greene, 2011). Random effects
estimation is particularly suitable when analyzing datasets with large cross-sectional variation across firms and when
the time dimension is relatively short (Wooldridge, 2019).

To analyze the relationship between circular economy disclosure and ESG performance, a multiple regression model
was developed as follows, where circular economy disclosure is defined as energy efficiency disclosure, resource
reduction disclosure, water efficiency disclosure and emissions disclosure:

Model 1: ESG score = f(Energy Efficiency disclosure + Control variables)
Model 3: ESG score = f(Resource Reduction disclosure + Control variables)
Model 5: ESG score = f(Water Efficiency disclosure + Control variables)
Model 7: ESG score = f(Emissions disclosure + Control variables)

To determine the influence of external audits, a model of interaction between circular economy disclosure and external
audit was considered:

Model 2: ESG score = f(Energy Efficiency disclosure*External Audit + Control variables)
Model 4: ESG score = f(Resource Reduction disclosure*External Audit + Control variables)
Model 6: ESG score = f(Water Efficiency disclosure*External Audit + Control variables)
Model 8: ESG score = f(Emissions disclosure*External Audit + Control variables)

The research sample comprises 921 European firms observed over a ten-year period from 2015 to 2024, ensuring a

broad and comprehensive dataset that captures longitudinal trends in corporate environmental performance and circular
economy (CE) disclosure.
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To construct the dataset, we integrated information from two well-established databases. Data on firms' circular
economy disclosure and ESG performance were sourced from Thomson Reuters, a widely recognized provider of
sustainability-related corporate information. This dataset ensures consistency in ESG reporting and allows for a detailed
examination of how firms communicate their circular economy initiatives, such as energy efficiency, resource reduction,
water efficiency, and emissions management.

Additionally, we supplemented the dataset with financial and firm-level information from the Orbis database, provided
by Bureau Van Dijk. Orbis offers detailed financial statistics, ownership structures, and industry classifications, enabling
a robust control for firm-specific characteristics such as size, profitability, and leverage.

The combination of these two databases ensures a comprehensive and reliable dataset, allowing for a nuanced
analysis of the relationship between circular economy disclosure and environmental performance while accounting for
financial and structural heterogeneity across firms.

Table 1 reports the sources and definitions of the dependent, independent and control variables.

Table 1 Variables definitions

Variable Definition Source

Dependent variables
ESG Score Measures a firm's environmental, social, and governance performance, Thomson Reuters
providing an overall sustainability assessment.

Independent variables

CSR Sustainability External Dummy variable taking the value 1 if a firm undergoes an external audit ~ Thomson Reuters

Audit for CSR sustainability, and 0 otherwise.

Energy Efficiency disclosure Dummy variable taking the value 1 if a firm has implemented energy Thomson Reuters
efficiency policies, and 0 otherwise.

Resource Reduction disclosure Dummy variable taking the value 1 if a firm has policies aimed at Thomson Reuters
reducing resource consumption, and 0 otherwise.

Water Efficiency disclosure Dummy variable taking the value 1 if a firm has water efficiency measures Thomson Reuters
in place, and 0 otherwise.

Emissions disclosure Dummy variable taking the value 1 if a firm has an emissions reduction Thomson Reuters

policy, and 0 otherwise.
Control variables

Age of the firm Number of years since the firm was founded. ORBIS
Board Size Total number of directors on the firm's board. ORBIS
Firm size Total assets or revenue of the firm (measured in thousands). ORBIS
ROA (Return on Assets) Ratio of income to total assets, representing firm profitability. ORBIS
Industry Variables Dummy variables indicating the sector in which the firm operates (i.e., ORBIS

Accommodation, Administration, Agriculture, Arts, Construction,
Electricity, Estate, Finance, Health, IT, Manufacturing, Mining quarrying,
Servis, Professions, Public administration, Trade, Transportation).

Results. To ensure the robustness of our analysis, we assessed variance inflation factors (VIF) to detect potential
multicollinearity issues among the independent variables. Multicollinearity can distort regression estimates, making it
critical to confirm that the explanatory variables are sufficiently independent. A commonly used threshold for concern is
a VIF value exceeding 10 (Shrestha 2022), which would indicate significant multicollinearity. However, in our analysis,
the average VIF value is 5.1, well below the critical threshold, suggesting that multicollinearity is not a major concern
(Shrestha, 2022). This ensures that the estimated coefficients remain reliable and interpretable (Shrestha 2022).

Table 2 provides a comprehensive summary of the descriptive statistics for the full sample. The ESG Score, our key
dependent variable, exhibits a mean value of 60.302 and a standard deviation of 17.438, indicating a moderate degree
of variability in firms' ESG performance. The ESG scores range from a minimum of 0.627 to a maximum of 95.747,
reflecting substantial disparities among firms in terms of their sustainability practices. This wide dispersion suggests that
while some firms have strong ESG performance and are proactive in sustainability initiatives, others demonstrate
significantly weaker ESG engagement. The presence of firms with both exceptionally high and low ESG scores
underscores the heterogeneity in corporate sustainability strategies across industries and countries.
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Table 2 Descriptive statistics

Variable Obs Mean Std. Dev. Min Max
ESG Score 8290 60.302 17.438 0.627 95.747
CSR Sustainability External Audit 8290 0.936 0.245 0 1
Energy Efficiency disclosure 8290 0.944 0.23 0 1
Resource Reduction disclosure 8290 0.981 0.137 0 1
Water Efficiency disclosure 8290 0.806 0.396 0 1
Emissions disclosure 8290 0.931 0.254 0 1
Age of the firm 8290 69.131 43.373 0 188
Board Size 8290 10.336 3.806 1 29
Firm size 8290 13815.207 37549.821 1 678825
ROA 8290 5.568 8.604 -97.397 76.416
Accommodation 8290 0.009 0.093 0 1
Administration 8290 0.009 0.093 0 1
Agriculture 8290 0.004 0.066 0 1
Arts 8290 0.008 0.087 0 1
Construction 8290 0.023 0.149 0 1
Electricity 8290 0.045 0.206 0 1
Estate 8290 0.049 0.216 0 1
Finance 8290 0.105 0.307 0 1
Health 8290 0.01 0.098 0 1
IT 8290 0.055 0.229 0 1
Manufacturing 8290 0.485 0.5 0 1
Mining quarrying 8290 0.047 0.211 0 1
Servis 8290 0.012 0.109 0 1
Professions 8290 0.03 0.172 0 1
Public administration 8290 0.004 0.066 0 1
Trade 8290 0.063 0.243 0 1
Transportation 8290 0.035 0.183 0 1

Table 3 provides the results.

Table 3 Regression results

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8

VARIABLES ESG Score ESG Score ESG Score ESG Score ESG Score ESG Score ESG Score ESG Score
CSR Sustainability External Audit -3.548***  _8238***  -3513***  _1250%**  -3.945*%**  _4121***  -3581***  -6.360***
(0.657) (1.445) (0.664) (2.028) (0.687) (1.244) (0.670) (1.928)
Energy Efficiency disclosure 7.108*** 2.427*
(0.867) (1.413)
Energy Efficiency disclosure*CSR 4.932%**
Sustainability External Audit
(1.558)
Resource Reduction disclosure 10.94*** 2.256
(1.461) (1.700)
Resource Reduction disclosure*CSR 9.198***
Sustainability External Audit
(2.111)
Water Efficiency disclosure 3.058*** 2.847**
(0.537) (1.357)
Water Efficiency disclosure *CSR 0.232
Sustainability External Audit
(1.397)
Emissions disclosure 6.891*** 4.051**
(0.668) (1.883)
Emissions disclosure *CSR 3.052
Sustainability External Audit
(1.941)
Age of the firm 0.148*** 0.148*** 0.148*** 0.148*** 0.157*** 0.157*** 0.146*** 0.146***
(0.0123) (0.0123) (0.0124) (0.0124) (0.0126) (0.0126) (0.0123) (0.0123)
Board Size 0.343*** 0.343*** 0.349*** 0.347*** 0.347*** 0.347*** 0.325*** 0.324***
(0.103) (0.103) (0.104) (0.104) (0.108) (0.108) (0.104) (0.104)
Firm size 1.08e- 1.08e- 1.07e- 1.07e- 1.01e- 1.01e- 1.05e- 1.06e-
05*** 05*** 05*** 05*** 05*** 05*** 05*** 05***
(3.34e-06)  (3.33e-06)  (3.34e-06)  (3.34e-06) (3.20e-06)  (3.20e-06)  (3.30e-06)  (3.34e-06)
ROA -0.0222 -0.0225 -0.0174 -0.0173 -0.0176 -0.0176 -0.0171 -0.0173
(0.0180) (0.0180) (0.0170) (0.0170) (0.0177) (0.0177) (0.0168) (0.0169)
Industry Yes Yes Yes Yes Yes Yes Yes Yes
Constant 48.88*** 53.36*** 44.70*** 53.22%** 53.22%** 53.38*** 49.18*** 51.77***
(3.542) (3.652) (3.846) (3.903) (3.834) (3.956) (3.654) (4.051)
Observations 8,289 8,289 8,289 8,289 8,289 8,289 8,289 8,289
Number of firms 921 921 921 921 921 921 921 921

% 0<0.01, ** p<0.05, * p<0.1

The coefficient for CSR Sustainability External Audit is negative and highly significant across all models, ranging
from -3.548 (p<0.001) to -12.50 (p<0.001). This suggests that the presence of an external audit mechanism for CSR
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sustainability may be associated with a lower ESG Score. This could indicate potential inefficiencies or rigidities
introduced by external audits, which might limit the effectiveness of sustainability initiatives.

The Energy Efficiency disclosure variable has a positive and significant impact on ESG Score, with coefficients of
7.108 (p<0.001) and 2.427 (p<0.05), implying that energy efficiency disclosure contribute positively to ESG performance.
Interestingly, its interaction with CSR Sustainability External Audit results in a positive and significant coefficient of
4.932 (p<0.001). This suggests that, although external audits alone have a negative impact, when combined with energy
efficiency disclosure, they may enhance ESG performance, possibly by ensuring stricter compliance and effectiveness.

Similarly, the Resource Reduction disclosure has a strong positive effect, with coefficients of 10.94 (p<0.001) and
2.256 (not significant), reinforcing the idea that resource efficiency is beneficial for ESG outcomes. Notably, its
interaction with CSR Sustainability External Audit produces a significant positive coefficient of 9.198 (p<0.001),
suggesting that external audits might strengthen the effectiveness of resource reduction disclosure by enhancing
transparency and accountability.

The Water Efficiency disclosure variable also shows a positive and significant impact on ESG performance, with
coefficients of 3.058 (p<0.001) and 2.847 (p<0.01). However, its interaction with CSR Sustainability External Audit is
not significant (0.232), indicating that external audits do not significantly alter the impact of water efficiency disclosure
on ESG outcomes.

Lastly, the Emissions disclosure variable has a positive and significant effect on ESG Score, with coefficients of 6.891
(p<0.001) and 4.051 (p<0.05), confirming that firms with emissions disclosure tend to perform better in ESG metrics.
However, its interaction with CSR Sustainability External Audit results in a non-significant coefficient of 3.052,
suggesting that external audits do not substantially influence the effectiveness of emissions-related disclosure.

These findings highlight that CSR Sustainability External Audits alone tend to have a negative impact on ESG
performance, potentially due to bureaucratic constraints or compliance burdens. However, when combined with specific
sustainability disclosure, especially Energy Efficiency and Resource Reduction disclosure, they can enhance ESG
outcomes. This suggests that external audits may be most effective when integrated with concrete sustainability measures
rather than functioning as standalone mechanisms.

Research limitations. This study offers valuable insights into the relationship between corporate circular economy
disclosure, ESG scores, and external audits but has limitations. Causality cannot be firmly established due to its
observational nature, as unobserved factors like industry dynamics or regulatory pressures may influence results. The
role of external audits is context-dependent, varying by audit firm credibility, regulatory framewaorks, and industry norms.
Future research using experimental or longitudinal methods and broader samples could enhance causal inference and
external validity.

Managerial implications. From a practical standpoint, this study offers valuable implications for firms, investors,
and regulators, while also providing strategic insights for corporate leaders and decision-makers seeking to enhance
sustainability performance.

For firms, the findings emphasize the need to go beyond symbolic sustainability commitments and integrate circular
economy initiatives into core business operations. This means that firms should not only disclose their sustainability
efforts but also develop measurable strategies that align with ESG objectives, ensuring that circular economy adoption
leads to concrete improvements in resource efficiency, emissions reduction, and environmental responsibility. By doing
so, firms can strengthen their corporate reputation, mitigate regulatory risks, and build long-term stakeholder trust,
which in turn fosters competitive advantages in a market increasingly focused on sustainability. Moreover, embedding
independent audits as part of the corporate sustainability strategy can help firms differentiate themselves by
demonstrating credible environmental responsibility, reducing accusations of greenwashing, and enhancing investor
confidence.

The study underscores the broader managerial imperative of integrating ESG verification into corporate governance.
By institutionalizing external oversight mechanisms, firms can foster a culture of accountability, drive continuous
improvement, and ultimately position themselves as industry leaders in the transition toward a more sustainable economy.
Managers should view external audits not as a regulatory burden but as a value-adding process that enhances
transparency, credibility, and operational efficiency. Furthermore, this study suggests that firms should adopt internal
performance metrics that align with ESG goals to proactively measure their progress on circular economy initiatives,
allowing for data-driven decision-making and better alignment with stakeholder expectations.

For investors, the study provides a critical lens through which to evaluate corporate sustainability claims, enabling
them to distinguish between genuine ESG commitment and superficial greenwashing. By integrating independent
verification as a key criterion in investment evaluations, investors can make more informed capital allocation decisions,
prioritizing firms that demonstrate tangible progress toward sustainability goals rather than merely issuing symbolic
sustainability reports. This approach supports responsible investment strategies, such as ESG screening, impact
investing, and engagement-based investment approaches, which are increasingly shaping global capital markets.
Additionally, investors can use these findings to engage with firms and encourage stronger circular economy governance
mechanisms, influencing corporate behavior through shareholder activism and engagement.

For policymakers and regulatory bodies, the research reinforces the necessity of robust sustainability reporting
standards and the promotion of independent audits as a safeguard against misleading ESG disclosures. Given the
growing risk of greenwashing, regulators should focus on enhancing transparency requirements, strengthening
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verification mechanisms, and introducing mandatory sustainability audits for firms claiming circular economy adoption.
Additionally, the study highlights the importance of harmonized ESG reporting frameworks, which would ensure that
firms across different sectors and jurisdictions adhere to consistent, comparable sustainability metrics. Such regulatory
interventions would not only protect investors from misleading ESG claims but also encourage firms to adopt genuine,
performance-driven sustainability practices, thus reinforcing the role of circular economy disclosure as a mechanism for
real environmental impact rather than a mere public relations tool.

By addressing these key areas, this study contributes to shaping corporate sustainability strategies, enhancing
investor decision-making, and informing regulatory frameworks, ultimately supporting the broader transition to a more
transparent, accountable, and sustainable economic system.

Originality of the paper. While the adoption of circular economy disclosure has been widely discussed in
sustainability and corporate governance literature, the originality of this study lies in addressing a key question that
remains relatively unexplored, namely, whether such disclosures have a tangible impact on ESG scores or if they are
primarily employed as greenwashing tools. Many firms publicly communicate their commitment to circular economy
principles, yet the extent to which these disclosures translate into measurable environmental improvements remains
unclear. This research aims to bridge this gap by providing empirical evidence on whether circular economy disclosures
genuinely influence corporate ESG performance or if they are simply used to enhance corporate reputation without
substantive operational changes.

A further novel aspect of this study is the introduction of a moderating factor: the role of external audits. While prior
research has explored the impact of disclosure on sustainability outcomes, few studies have investigated the role of
external verification mechanisms in reinforcing or mitigating the effectiveness of circular economy commitments. By
incorporating external audits as a moderating factor, this study examines whether independent verification processes
enhance the credibility of CE disclosures and strengthen their link to ESG performance or, conversely, whether firms
engage in disclosure practices regardless of third-party oversight.

Moreover, the multi-level analytical framework employed in this study represents a significant theoretical and
empirical contribution. Rather than analyzing CE disclosure in isolation, this research explores the interaction between
disclosure, external verification, and ESG performance, thus expanding our understanding of how external dynamics
influence corporate environmental outcomes. By doing so, the study moves beyond the traditional debate on the
effectiveness of sustainability disclosure and sheds light on the mechanisms that determine whether disclosure leads to
substantive changes or remains superficial.

This research is particularly relevant in the context of increasing regulatory scrutiny on corporate sustainability
claims. With stakeholders, investors, and policymakers demanding greater transparency and accountability,
understanding whether firms’ CE disclosures are trustworthy indicators of ESG performance or strategic communication
tools is critical for shaping regulatory policies and corporate governance best practices. By addressing these pressing
concerns, this study offers a timely and valuable contribution to the discourse on corporate sustainability, helping
distinguish between genuine environmental commitments and symbolic sustainability rhetoric.
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